Purpose To determine if caring for a child with cancer or a brain tumor affects parental health and mental health and if and to what extent stress mediates the relationship between case status and parental quality of life. Methods In person interviewer-assisted surveys were administered to 74 case dyads (children diagnosed with cancer or a brain tumor and their parents) and 129 control dyads (children without health problems and their parents from a community sample) to assess health-related quality of life and perceived levels of stress. Results Parents of children with cancer or a brain tumor had significantly worse health-related quality of life, including worse overall mental health. Overall physical health was no different between cases and controls. Staged multivariate analysis revealed that worse health-related quality of life is completely mediated by perceived stress in these parents. Conclusions The experience of caring for a child with cancer is not in itself related to poor quality of life, but is related to an increased level of stress that may adversely impact parental mental health and quality of life.
Introduction
Improvements in treatment and subsequent survival rates for childhood cancer have dramatically improved over the past 30 years, from less than 50% in the 1970s to between 70% and 96% in this millennium [1] . However, because children now survive for longer periods of time, they face long-term risks to their health and well-being [2] , some of which may affect and be affected by their family functioning and parent role functioning. It is therefore increasingly important to understand the impact of cancer on the family and how this may impact the health-related quality of life (QOL) and health outcomes of the parents of survivors.
Parental caregivers of cancer survivors often experience long-term psychological stress and related health effects. Though studies indicate that parental distress decreases over time after the child's diagnosis [3] [4] [5] [6] , some parents continue to experience high levels of anxiety, sleep disturbance, depression, and social isolation, as well as longterm feelings of loss of control [3, 7] . One longitudinal study found that parents of cancer survivors reported elevated psychological distress 5 years after diagnosis [6] and another recent study reported that some forms of distress (uncertainty, disease-related fear, and loneliness) do not diminish over time [3, 5] . In fact, in one study of mothers of children with cancer, loneliness was found to increase over time [8] . Therefore, distress associated with long-term caregiving experiences may persist long after diagnosis and treatment and may have a lasting impact on parental caregivers' health and mental health.
Witt and colleagues recently demonstrated that caring for a child with health problems profoundly affects the physical health and mental health of parents [9] . However, few studies on childhood cancer survivors have considered the long-term health consequences of the illness and its treatment for parental caregivers. Several studies report worse psychological QOL in parents of children with cancer when compared to population norms [10] [11] [12] ; a similar effect was observed among mothers of children with leukemia compared to a group of control mothers [13] . However, these studies may be limited by (1) an inability to control for potential confounders, (2) the sole examination of mothers of children with cancer (rather than the primary caregiver), or (3) the lack of a control group. Moreover, to our knowledge, no study has examined stress in relation to QOL in parents of children with cancer.
Substantial theoretical and empirical work supports the concept that childhood chronic health conditions and functional impairments are major life stressors [14] [15] [16] [17] and can spillover to impact the health of all family members [18] . As seen in Fig. 1 , the conceptual model for this evolving field incorporates social-ecological systems theory [14, 19, 20] , role theory [21, 22] , and stress theory [15, 23, 24] -to highlight these interrelationships.
This integration emphasizes several key processes that inform our research questions and hypotheses. First, socialecological systems theory supports the idea that children and parents are nested within families and that stress on any person in the family system has a major influence on the health and functioning of all family members. In our model, we posit that the impact of caring for a child with a health problem can adversely influence the role functioning (i.e., work) of the parent (as supported by role theory). Changes or challenges to parental role functioning can lead to chronic stress if they do not have the internal or external resources to meet these demands. As stress theory and research has shown, the long-term effect of chronic stress can negatively impact health outcomes. This model illustrates that chronic stress in the parent as a result of caring for the child may mediate, in part, the relationship between child health status and poor QOL and well-being among these parents.
Based on the empirical and theoretical literature, this study evaluated whether self-reported stress mediates the relationship between caring for a child with cancer or brain tumor and parental QOL. We hypothesized that parents of children with cancer or brain tumor would have impaired QOL when compared with controls and that stress would help explain this difference. This information will further facilitate the development of effective and sustainable interventions to improve the QOL of children with cancer and their families.
Methods

Study design, population, and data sources
This research used a case-control design and enrolled parents and their children living with cancer or a brain tumor and a control group of parents and their healthy children. The parent who was the most involved in providing support and care to the child was recruited into the study. Parents in this study were defined as biological, step, adoptive or foster parents, grandparents, or legal guardians of the child.
Participants
Case dyads. Case dyads consisted of parents and their children living with cancer or a brain tumor (hereafter ''cases''). Cases were eligible to participate in the study if the child (aged 2-18) was currently or previously receiving care for cancer or a brain tumor at a local pediatric hematology and oncology clinic, as determined from the medical record or clinic database. This clinic is part of a university affiliated and National Cancer Institute designated Comprehensive Cancer Center. Eligible families were invited to participate by clinical staff if they attended one of the following during the study period: (1) the child's cancer or brain tumor outpatient visit or inpatient stay at the hospital; (2) a parent-provider advisory board meeting; (3) the hospital support groups for parents; or (4) a childhood cancer survivor reunion. Families were approached in person by clinicians participating in study recruitment, who informed the families about the study, provided them with an informational letter, and asked them to complete and return a participation interest form which confirmed whether or not the family was interested in participating. In addition, clinical staff mailed an invitation letter to eligible families in the clinic's patient database who could not be contacted in person (either because they did not attend an appointment, advisory board meeting, support group, or reunion during the study period, or could not be approached in person during their visit), requesting that they complete and return the participation interest form. Interested participants were then contacted by research staff via telephone to confirm eligibility and schedule their study participation.
Of the 162 case families invited to participate in the study, 24 did not respond to the invitation, 46 declined to participate, 2 were ineligible due to their child's age ([18 years), and 8 could not be scheduled to participate before the end of the study period. Eighty families (49%) ultimately participated. Of those, 6 surveys were missing data and were removed from this analysis, resulting in a final sample of 74 cases.
Control dyads. Unmatched control dyads consisted of healthy children (aged 2-18) and their parents (hereafter ''controls''). Controls were recruited from two communitybased research registries. Children's names were selected from the registry databases, and their families were mailed an informational letter by research staff inviting them to participate and asking them to complete and return a participation interest form. Families who responded and expressed interest in participating were contacted by phone and screened for eligibility based on the health status of all of the children in the family. Families who did not respond to the mailing within 3 weeks were also contacted by phone and asked about participation in the study, and interested families were screened for eligibility. Families in which one or more children reported having cancer, a brain tumor, a chronic condition, or an activity limitation or special healthcare need were excluded from the study.
Of the 768 control families invited to participate in the study, 344 responded to the invitation. Of these, 122 declined to participate, 50 were not eligible based on the health of one of the children in the family, and 31 could not be scheduled for participation before the end of the study period. One hundred and forty one eligible control families ultimately participated. Twelve participants were removed from this analysis due to missing data, resulting in a final sample of 129 unmatched controls.
Procedures
This study was approved by the Health Sciences Institutional Review Board of the University of WisconsinMadison. Written informed consent was obtained from all participants; case participants also provided written Health Insurance Portability and Accountability Act Privacy Rule (HIPAA) authorization for abstraction of the child's medical record. All participating parents completed an in person interviewer-assisted survey that included items about sociodemographic characteristics, health behaviors, and a series of validated self-reported measures. Interviews were completed between September 2008 and July 2009.
Measures
Outcome measure
The Short Form-12 (SF-12) version 2, a widely used measure of health status, was used to assess the overall health-related QOL of the parents [25] [26] [27] . The Short Form-12 has eight subscales that can be condensed into two summary scales: the physical health component score (PCS) and the mental health component score (MCS). The test-retest reliability for the summary scores is 0.89 and 0.76, respectively [26] . A higher score on the PCS and MCS indicates better physical QOL and mental QOL, respectively.
Independent variables
The caregivers' perceptions of stress symptoms in the week prior to the interview were measured using the 56-item Calgary Symptoms of Stress Inventory (C-SOSI) [28] . The C-SOSI has 8 subscales (depression, anger, muscle tension, cardiopulmonary arousal, sympathetic arousal, neurological/ GI, cognitive disorganization, and upper respiratory symptoms) and explores both physical and psychological manifestations of stress. Responses for the C-SOSI are recorded on a 5-point Likert scale ranging from 0 (never) to 4 (very frequently) and summed across subscales. Internal consistency for the subscales ranges from 0.80 to 0.92, with an overall Cronbach's a = 0.95 for cancer patients [28] . A higher score on the C-SOSI indicates greater symptoms of stress.
Perception of stress over the last month was measured using the 4-item version of the Perceived Stress Scale (PSS). Responses for the PSS 4 are recorded on a five-point Likert scale ranging from 0 (never) to 4 (very often) and summed across the four items to provide a total score. An individual yielding a higher score is considered to perceive more stress (Table 1) [29, 30] .
Sociodemographics and health behaviors
Age, gender, marital/partner status (partner/married or no partner/unmarried), race (white or non-white), Hispanic heritage (yes or no), educational attainment (some high school or less/high school graduate or GED; vocational college or some college; college degree; or professional or graduate degree), employment status (full-time work outside of the home; part-time work outside of the home; or not working outside the home), relationship to the child (biological versus adoptive, foster, or step parent, or grandparent), number of people in the household, and family income (mean and income tertiles), as well as smoking status, alcohol consumption, and exercise were evaluated in the survey. Smoking was categorized as non-smokers (had not smoked more than 100 cigarettes in their life), current smokers (smoked more than 100 cigarettes in their life and currently smoked some days or every day), or former smokers (smoked more than 100 cigarettes in their life but reported that they currently do not smoke at all). For alcohol consumption, participants were categorized as non-drinkers (reporting no alcohol consumption in the last year), moderate drinkers (women reporting less than 8 drinks per week or men reporting less than 15 drinks per week in the past year), or risky drinkers (women reporting 8 or more drinks per week or men reporting 15 or more drinks per week in the past year). Parents' exercise was categorized as inactive (reporting no leisure-time physical activity), active-irregular (reporting moderate or vigorous leisure-time physical activity but did not meet the definition of active-regular), or active-regular (reporting moderate leisure-time physical activity at least 5 times per week for 30 min or vigorous leisure-time physical activity at least 3 times per week for 20 min).
In addition, parents were administered validated selfreported measures of diet [31] , sleep quality [32] , somatization [33] , negative life events [34] , family functioning [35] , and social support and stress [36] . Parent diet was collapsed into summary categories: meets national guidelines (participant reported consuming at least 5 fruits or vegetables per day and less than 35% of calories from fat) or does not meet national guidelines. Poor parental sleep quality was defined as scoring greater than 5 on the Pittsburgh Sleep Quality Index. All remaining measures were scored according to the validation studies as noted previously and for this study, mean values were used.
Parents were asked to report their child's age and gender in the survey. Key diagnosis and treatment variables were abstracted from the child's medical record by a trained and licensed clinician. These factors included type of cancer (leukemia/lymphoma, central nervous system (CNS) tumor, or non-CNS tumor), treatment status at the time of the interview (active/maintenance treatment or off treatment), time since diagnosis (time between date of diagnosis and date of interview), and any type of treatment received (chemotherapy, radiation, surgery, and/or transplant).
Analytic approach
Cross-tabulations and chi-square analyses were used to examine the relationship between cases and controls on parental sociodemographic and health behavior characteristics, and psychosocial factors. T tests were performed to test for mean differences for parental QOL and stress between case and control parents.
Multiple linear regression analyses were conducted to evaluate the association between the case-control status and parental QOL, controlling for sociodemographics, health behavior, and psychosocial factors, as well as child age and gender (as presented in Table 2 ). Parsimonious models were constructed using simple linear regression. Specifically, single covariates that were statistically significant (P \ 0.05) or impacted the QOL point estimate for case status (change in estimate [10%) were included in the final models (Model 1). For each outcome (mental health-related QOL and physical health-related QOL), self-reported stress variables were then added to Model 1 to test if stress mediated the relationship between case-control status and parental QOL (Model 2).
Results
The final sample included 203 parents, of whom 36.5% were parents caring for a child with cancer or a brain tumor Depression (8) Anger (7) Muscle tension (8) Cardiopulmonary arousal (6) Sympathetic arousal (9) Neurological/GI (6) Cognitive disorganization (6) Upper respiratory symptoms
Perception of stress Perceived stress scale (PSS 4) PSS total score (4) (''case parents'') and 63.5% were parents caring for a healthy child (''control parents''). Most were biological parents; the remainder was adoptive, step-or foster parents, or grandparents. All parents were living with the child at the time of the interview (data not shown). The first set of analyses compared parents of children with cancer or brain tumors and parents of healthy children on key sociodemographic, health behaviors, support, family functioning, and stress characteristics ( Table 2) . Case parents were more likely to be younger (40.85 vs. 42.81 years on average), less educated, and have a lower mean income ($83,832 vs. $123,450) when compared with control parents. These parents were also more likely to be current smokers (17.6 vs. 3.9%), engage in less regular exercise (48.6 vs. 66.7%), and have poor-quality sleep (54.1 vs. 23.3%). Case parents reported lower levels of social support and worse family functioning when compared with their control counterparts. Symptoms of stress, perceived stress, somatization, and negative life events were all more likely in case parents, as indicated by higher mean scores when compared with controls. There were no significant differences in parental gender, marital/partner status, race, Hispanic heritage, current employment status, their relationship to the child, the mean number of people in the household, alcohol consumption, diet, and social stress by case-control status.
Children with cancer or brain tumors did not significantly differ from healthy controls on age or gender (Table 3) . Of the case children, almost half were diagnosed with leukemia or lymphoma, and over one-third were on active or maintenance treatment at the time of participation in the study. Time since diagnosis ranged from a few months to more than 14 years. Median time since diagnosis was approximately 3 years. Most children had received chemotherapy as part of their treatment. Figure 2 shows the unadjusted health-related QOL among case and control parents. Compared with controls, cases had significantly lower QOL in all domains, except bodily pain. Case parents had significantly worse mental health but not physical health when compared with controls (norm-based mean MCS Score: 45.3 vs. 52.3, respectively; P \ 0.0001).
To further evaluate the impact of case-control status on QOL, multivariate linear regression models were performed separately for the MCS and PCS of the SF-12. Multivariate analysis (Table 4) showed that on average, the case parents had significantly lower QOL (3.1 points lower; P \ 0.01) on the mental health component summary score of the SF-12, accounting for potential confounders. As a second step in this regression, we added stress symptoms and perceived stress to the model to determine if stress mediated the relationship between case-control status and poor mental health. When stress symptoms and perceived stress were included in the model of poor mental health, the effect of being a case was eliminated and no longer statistically significant (Beta: -0.90; P = 0.3445). A separate regression analysis was performed to examine the impact of case-control status on physical health. This analysis revealed that case-control status was not significantly related to poor physical QOL (data available upon request).
Comment
This study of the impact of childhood cancer and brain tumors on parental QOL confirms previous research and contributes important new findings to the literature. Our results show that parents of children with cancer or brain tumors have worse health behaviors, lower levels of social support and family functioning, and greater stress than their control counterparts, confirming the findings of previous studies [37] [38] [39] . Our finding of worse parental mental health among parents of children with cancer also substantiates other studies from Canada [12] , England [11] , and Japan [13] . Reports of physical health QOL in these studies have been less consistent [11] [12] [13] , with some results indicating a significant difference between parental caregivers and population norms on bodily pain or general health perception, while others were unable to find such differences. However, most children in these studies, as in the present study, had been recently diagnosed (less than 2 or 3 years). Among Taiwanese parents of children with brain tumors, those who were greater than 5 years from diagnosis reported worse physical health scores than parents of children closer to initial diagnosis [10] . This indicates that physical health problems may manifest over a longer period of time, thereby potentially limiting our ability to accurately observe such problems in samples with a higher proportion of parents of children who were recently diagnosed.
To our knowledge, the present study is the first to examine the role of perceived and physiological symptoms of stress with respect to the QOL of parents of children with cancer or brain tumors. Our results suggest that stress mediates the relationship between caring for a child with cancer or brain tumor and mental health-related QOL. This indicates that the experience of caring for a child with cancer is not directly related to poor quality of life, but rather is related to the increased level of stress experienced by these parents (for example, due to hospital appointments, invasive procedures, and disease-related uncertainty), which in turn may impact parental QOL outcomes. Stress prevention, management, and reduction may be important points of intervention to improve the QOL of these parents, and potentially impact the long-term health and well-being of both parent and child. The study's findings have important health, clinical, and policy implications for parents of children with cancer or brain tumors. First, failing to mitigate the negative effects of stress could result in adverse health and mental health outcomes. In fact, caregiving stress has been shown to impair parents' immune response to anti-inflammatory signals [40] , and studies in the aging literature report that caregiving is associated with long-term endocrine and immune dysregulation among spouses of elderly patients [41] [42] [43] [44] [45] [46] [47] . This immune dysregulation in response to chronic stress can persist for years even after the caregiving ends [48] . Some parents of children who have survived cancer are also known to suffer long-term psychological effects, including post-traumatic stress disorder [49] [50] [51] [52] , and as a result may experience negative health effects [53, 54] . As such, parents may be at risk for serious, negative health outcomes if their stress levels, and subsequent mental and physical health, are not monitored and treated.
While clinicians may be aware of the stress and reduced QOL experienced by parents of pediatric cancer patients, the implementation of systematic health and mental health screening may allow providers to identify parents who are most in need of support services. Pediatric oncology programs often provide support through licensed clinical social workers and health psychologists [55] [56] [57] [58] ; however, these services are often primarily focused on the child. Screening of parental caregivers of pediatric cancer patients and subsequent referral to external sources of mental health care or to the parent's primary care provider have been shown to be feasible [59] and may further improve parental outcomes. Moreover, research in mothers shows that they would be open to such assistance [60] . Policies that support child health professionals in parental screening and referrals, and reimbursement for such care, may help ensure that parental health and mental health needs are addressed.
In the hospital setting, targeted support and coping interventions have been shown to improve well-being in some parents [61, 62] . External interventions, such as parent-to-parent support programs and summer camp respite care, have also been shown to improve parental psychosocial outcomes [63, 64] . Although the evidence to support intervention programs is encouraging, further investigation into current programs and the development of novel approaches are clearly necessary.
This study has several limitations. First, the cross-sectional study design does not permit investigation into causality. As such, the relationship between stress and QOL could not be fully explored. Future studies will incorporate longitudinal data to better understand the direction of these relationships. Furthermore, our findings may not be generalizable to other populations, and additional studies are needed to test the external validity of this research.
The present study has important strengths both methodologically and substantively. First, we recruited a community control group and controlled for known confounders in the analyses. Second, this study specifically examines the role of stress and therefore provides important insight into the potential mechanisms by which caring for a child with cancer adversely impacts parental QOL. This information will be critical in designing and implementing effective and sustainable interventions to support parents who are experiencing stress, which may ultimately prevent poor QOL outcomes.
Future research
Future research is needed to examine how cancer-specific factors may be particularly related to parental stress and QOL. In addition, longitudinal studies are needed to evaluate the temporality of this relationship and to determine important predictors of stress and coping. While this study did not find a relationship between caring for a child with cancer and overall physical QOL, we anticipate that the physical effects of caring for a child with cancer would not manifest until years after the initial stressor. Additional studies examining parents of long-term survivors may clarify whether the stress of caregiving exacts a physical toll on parents. Moreover, future research should evaluate the effectiveness, feasibility, and sustainability of stress reduction and coping techniques on parental stress and QOL.
Conclusion
In conclusion, this study extends previous clinical and population-based research on the impact of childhood cancer on the family by examining the role of stress on parental QOL in a sample of parents of children with cancer/brain tumors and community controls. The findings show that stress completely mediates the effect of being a parent of a child with cancer on parental mental healthrelated QOL, underscoring the importance of understanding how stress impacts parental QOL outcomes. This information is critical for effectively intervening with families and could ultimately help to improve health outcomes for children with cancer, reduce health disparities among these children, and address the health of parents and families of children with cancer.
